The metabolism of benzene differs from that of other aromatic hydrocarbons; the excretion of phenol in the urine of workers exposed to ambient benzene bears a linear relationship to the degree of exposure. A semi-quantitative screening test using stable reagents not requiring special apparatus or laboratory facilities permits an estimation of urinary phenolic bodies, and hence the exposure to benzene. The test may be used (a) to determine whether individual workers need further investigation because of exposure to benzene, (b) as a group test to determine whether the environment is acceptable, and (c) to determine whether solvents often regarded as safe contain benzene.
Benzene is widely used in industry as a raw material in the manufacture of dyestuffs, explosives, and other chemicals, as a solvent for paints, varnishes, lacquers, fats, and rubber, as a constituent of paint strippers and adhesives, and in the blending of petrol. Grease-removing agents may contain benzene. Many solvents predominantly of the aromatic hydrocarbon series may contain appreciable quantities of benzene as a contaminant; for example, some grades of toluene may contain up to 11 0% of benzene.
Benzene has a high vapour pressure and, even when present in low proportions (less than 2 %), preferential evaporation into the air may in some circumstances create a hazard.
In the examination of factory atmospheres, the separation of benzene from other aromatic hydrocarbons, particularly toluene and xylene, requires special chemical methods. Additional complications arise from the difficulties of obtaining representative samples of the ambient atmosphere because of wide and rapid fluctuations of benzene concentrations.
The metabolic products of benzene are phenol, catechol, quinol, hydroxyquinol, trans-trans-muconic acid and L-phenylmercapturic acid (Porteous and Williams, 1949) . The phenolic products are excreted in the urine conjugated as sulphates or glucuronides.
In animals given benzene labelled with C14, about 43 % is excreted through the lungs. Of retained benzene, 23 % is excreted as phenol, 3 % as catechol, and 1 % as quinol within two to three days. Excre- tion of phenol and catechol is almost completed within the first 24 hours, but other products may be excreted for 48 hours or longer. A little benzene may be slowly eliminated as carbon dioxide. Very probably, the toxic effects of benzene are due to phenol (Porteous and Williams, 1949) . Toluene is metabolized to benzoic acid and then to hippuric acid, which is eliminated in the urine. The main metabolites of the xylenes are the corresponding isomers of toluic acid.
The different metabolic products of benzene, toluene, and xylene are of significance in the biological control of hazards arising from benzene. By making use of the body processes the need to distinguish benzene from other aromatic hydrocarbons is avoided, and by determining the urinary phenol excretion a measure of the overall absorption is obtained. Pagnotto, Elkins, Brugsch, and Walkley (1961) observed that the urinary excretion of phenol by rubber-coating workers was linearly related to the atmospheric concentration of benzene to which they had been exposed. Walkley, Pagnotto, and Elkins (1961) showed that workers exposed for an eighthour day to an ambient concentration equivalent to 25 parts per million of benzene excreted approximately 200 mg. phenol/litre urine. This figure, however, was that adjusted for a hypothetical urinary specific gravity of 1-024. For a hypothetical specific gravity of 1-016, which Rainsford (1961) The previously published methods for estimating urinary phenols are not convenient for routine use. The phenolic conjugates must be hydrolysed by acid at 100°C. and steam distillation for 40 minutes, and the phenol estimated in the distillate by the colour formed with diazotized p-nitroaniline. This takes time and requires special apparatus; furthermore, the indicator is only stable for a few hours. We describe a method which requires little apparatus, using a stable reagent, and which is applicable to the rapid screening of many specimens of urine.
Experimental
The subjects of this survey were men and women exposed to the inhalation of benzol in the course of their usual work. Morning specimens of urine were collected either before or immediately after starting work. Evening specimens of urine were collected at the end of a working shift and, unless otherwise stated, eight hours after the morning specimen. With one exception, atmospheric benzol was estimated by spot samples taken during the course of the shift by Mr. S. G. Luxon, H.M. Chemical Inspector of Factories. Air was drawn through a bubbler containing selenic acid to remove homologues of benzol and then through another bubbler containing formalite reagent (0 5 ml. of 40% formaldehyde to which is added 10 ml. of sulphuric acid). The brown colouration produced was matched against standard colours (Ministry of Labour, 1964) .
Reagents.-The following reagents were used. Diazotized p-nitroaniline (P.N.A.) was prepared as described by Walkley et al. (1961) .
Gibbs' reagent (Gibbs, 1927 ): 2,6-dichloroquinone-4-chloroimide, 0-05 % in absolute ethyl alcohol. This is stable for six months or longer if stored in amber glass bottles in a cupboard at room temperature.
Alkaline borate buffer, pH 10-15, was prepared by mixing 75 4 ml. of a solution of sodium carbonate (2-65 g. anhydrous (A.R.) in 500 ml. water) with 24-6 ml. of a solution of sodium borate (Na2B407 10H2O) (9-55 g. in 500 ml. in water).
Screening Test.-Urine (1 ml.) is placed in a glassstoppered test-tube, and perchloric acid (0-4 ml., 60% w/v) is added. The tube is placed in boiling water from which the heat has just been removed, left for at least 10 min. to hydrolyse the phenolic conjugates, and then cooled rapidly under the cold tap to room temperature. Ether (4 ml.) is added, and the stoppered tube is inverted five times to extract the phenol. The ether is allowed to separate. Into the dimple of a porcelain tile is placed in order (1) alkaline borate buffer (0-2 ml.), (2) 0-1 ml. of the separated ether layer, and (3) Gibbs' reagent (0 05 ml. or 2 drops). A blue colour develops within 3 min., the intensity of which is related to the concentration of phenol, conjugated and free, in the urine.
Typical colours given by urine specimens are shown in Fig. 1 PHENOL mg./L URINE: R reagent (2 ml.) were added to aqueous phenol (10 ml.), the mixture was allowed to stand for one hour, the volume was made up to 25 ml., and the absorption was measured on a spectrophotometer (Cambridge SP600) at 600 m,u. The absorption was compared with a calibration curve.
The two reagents were compared on urine specimens from which the phenol had been separated by steam distillation after acid hydrolysis, as described by , except that perchloric acid was used for the hydrolysis. At least 100 ml. of distillate was obtained from 10 ml. of urine. Both reagents gave consistent results, but the concentrations estimated by the Gibbs' reagent were about one-third less than those obtained with P.N.A. (Fig. 3) . This suggests that steam distillates of acid-hydrolysed urine may contain metabolites other than phenol which give a colour with P.N.A. but not with Gibbs' reagent, and that P.N.A. is not sufficiently specific for phenol. This lack of specificity was also found by Walkley et al. (1961) . When urines of low specific gravity (< 1-012) were analysed the two methods gave closer results, and the reverse happened when urines of high specific gravity (< 1-024) were analysed. The values also became closer as the concentration of the phenol increased, and with urines containing more than 200 mg. phenol/l. they seldom differed by more than 10 %. given quantity excreted, the concentration of phenol is proportional to the amount by which the specific gravity of the urine exceeds unity. Walkley et al. (1961) adjusted their results to a specific gravity of 1-024. For British workers, adjustment to a specific gravity of 1-016 is more realistic (Rainsford, 1961) . In terms of the screening test, however, such adjustment normally makes little difference ( Table 2) . The test can, if desired, be modified with advantage by dividing the urines into three classes with two specific gravity beads, 1-012 and 1-024. Urines with Table 3 shows that false positives arise from the extraction by ether of some colour-forming material in our method, since when steam distillation is substituted the false positives are not obtained. That this was an effect of bacterial action was confirmed by contaminating with an indolproducing coliform organism a specimen of urine known to contain very little phenol and leaving it to stand for two days. After two days the apparent phenol content had increased sixfold (Table 4) . Fresh specimens of urine URINAR Y EXCRETION OF PHENOL BY MEN EXPOSED TO BENZENE must be used or, alternatively, perchloric acid should be added to the urine in the proportion described soon after the specimen is passed.
Results
To date 209 specimens of urine have been submitted to the screening test, and the results have been compared with those obtained using P.N.A. as the reagent (Table 5) . Of the 73 specimens giving + + The maximum allowable concentration of benzene vapour in air is 25 p.p.m. for an eight-hour day (Ministry of Labour, 1961) . In our test, + readings indicate that this exposure has been approached and possibly exceeded, and + + readings indicate that it has almost certainly been exceeded. 
